Background: Current UK guidelines for the identification, management and referral of chronic kidney disease advise an early-morning urine sample for the albumin:creatinine ratio or the protein:creatinine ratio (PCR) in order to quantify proteinuria. Estimated protein output (EPO) is an alternative and possibly better method of quantifying proteinuria which takes lean weight into consideration. Methods: We carried out a single-centre study of 36 adult patients with proteinuric nephropathy over a period of 18 months. Urinary PCR and EPO estimates of 24-hour urine protein were compared with 24-hour urine collections by Bland-Altman analysis. Results: Average 24-hour urine protein was 1.6 g (range 0.2-5.1 g). Best agreement with 24-hour protein was for first-void EPO (limits of agreement 0.33-1.59) followed by a second-void EPO (0.40-1.76), then second-void PCR (0.40-2.08) and lastly first-void PCR (0.28-2.03). None of the differences between estimates of urine protein excretion and 24-hour urine protein were statistically significant. All estimates of protein output had wide confidence intervals confirming that spot urine samples, while simple and convenient to do, are imprecise measures of 24-hour urine protein excretion. Conclusion: When estimating 24-hour urine protein from a spot urine sample, EPO may be marginally more accurate than PCR, and first-void urine samples slightly better than second-void urine samples, but a first-or second-void PCR will suffice in most instances.
Introduction
Measurement of urine protein plays a vital part in the assessment of patients with renal disease and also predicts those who will develop progressive renal failure [1, 2] . The 24-hour urine collection was for a long time the method of choice for quantifying proteinuria but is no longer recommended on the grounds of inconvenience and imprecision due to human error in collection. In its place, UK and American guidelines advise an early-morning urine sample to assess the albumin:creatinine ratio (ACR) or the protein:creatinine ratio (PCR) [3] [4] [5] [6] . Estimated protein output (EPO) may be an even better method of quantifying proteinuria as it takes lean body weight into consideration [7] . Against this background, we carried out a study to determine which measure gives the best estimate of 24-hour urine protein: first or second void of the day? EPO or PCR?
Materials and Methods

Study Design
This was a prospective single-centre study of patients with proteinuric nephropathies attending our nephrology clinic over an 18-month period.
Patients
We recruited 41 patients for the study according to the following criteria: not on dialysis, age 1 18 years, absence of pregnancy and 24-hour urine protein ! 6 g/day. Previous studies have shown a poor correlation between PCR and 24-hour protein excretion at higher levels of proteinuria [8] [9] [10] . Completeness of each 24-hour urine collection was judged by ratio of measured:expected Cr, a method previously described in the literature [11, 12] . We excluded patients whose measured:expected Cr ratio lay outwith the range 0.5-2.0.
Methods
Patients provided a 24-hour urine collection in 3 containers: container A for the first void, container B for the next void and container C for all urine passed thereafter up to and including the first void the following morning. We combined the urine in containers B and C to give a 24-hour urine collection and used this as the gold standard in our study. We gave each patient verbal and written instructions to assist with their collections. Lean weight and EPO were calculated using standard formulae (box 1). Serum and urinary Cr concentrations were determined by the kinetic Jaffé method using the same Roche modular analyser. Urine protein concentrations were determined with the turbidimetric method using benzethonium chloride.
Statistical Analysis EPO and PCR for containers A and B were compared with B + C (24-hour urinary protein) by Bland-Altman plot. Bland-Altman analysis is a way of measuring the degree of agreement when linear correlation is inappropriate due to measurements being inherently related [13, 14] . To do this, we plotted the difference between estimated and actual measurements of proteinuria (e.g. first-void EPO minus 24-hour urine protein) against the average of the measurements (e.g. first-void EPO plus 24-hour urine protein divided by 2). Because the data were positively skewed, we used log-transformed data to calculate the limits of agreement and 95% confidence intervals, using the approach of Bland and Altman [15, 16] . The plots used the transformed data and the limits of agreement were back transformed to allow interpretation. The data were plotted using SPSS version 15.0 and the confidence intervals calculated using Microsoft Excel.
Ethics
All patients were informed about the purposes of the study and gave written consent. The study was approved by the Office for Research Ethics Committees of Northern Ireland (reference No. 05/NIRO5/40).
Results
Forty-one patients were recruited. We excluded 3 patients with very high protein output ( 1 6 g/24 h) and 2 with incomplete collections. Twenty-five of the remaining 36 patients were male and 11 were female. Their average age was 63 (range 35-86) years. Average 24-hour urine protein was 1.6 g (range 0.2-5.1 g). Five (14%) patients had nephrotic-range proteinuria ( 1 3 g/24 h). Mean estimated glomerular filtration rate was 34 (range 11-107) ml/min/ 1.73 m 2 . The most common cause of underlying kidney disease was diabetic nephropathy (10, 28%) followed by hypertensive nephrosclerosis (5, 14%), idiopathic membranous nephropathy (5, 14%) and IgA nephropathy (3, 8%) .
The relation between first-void EPO and 24-hour urine protein is shown in figure 1 (conventional plot) and figure 2 (Bland-Altman plot). The horizontal lines in figure 2 show the limits of agreement of the differences between first-void EPO and 24-hour urine protein. The limits of agreement for each of the 4 comparisons with 24-hour urine are shown in table 1 . The closer these are the better the agreement. Best agreement with 24-hour urine protein was for first-void EPO with limits of agreement of 0.33-1.59. This means that the actual protein output is likely to lie between 33 and 159% of the estimated value. This was followed by sec- ond-void EPO (0.40-1.76), then second-void PCR (0.40-2.08) and finally first-void PCR (0.28-2.03). None of the differences between the estimates of urine protein excretion and 24hour urine protein were statistically significant. A sensitivity analysis showed our findings were not significantly influenced by extremes of age ( ! 40 and 6 75 years) or body mass index ( ! 18.5 and 6 35 kg/m 2 ) though the results of this are difficult to interpret because 30 of 36 patients lay within the limits for age and 32 patients lay within the limits for body mass index.
Discussion
Proteinuria is an important risk factor not only for progression of renal failure but also for the development of cardiovascular disease in patients with chronic kidney disease (CKD) [17] . It can be monitored at intervals to assess disease progression and response to antiproteinuric therapy. Both SIGN and NICE have concluded that dipstick testing should no longer be used to confirm the presence or absence of proteinuria at low levels of protein excretion, and that some form of quantitative test should be used instead [5, 6] . No one will regret the passing of the 24-hour urine collection which is now recognised to be too cumbersome, time consuming and imprecise for everyday clinical use. In its place, both UK and US guidelines recommend either the ACR or the PCR [3] [4] [5] [6] . ACR has greater sensitivity than PCR for detection of low levels of proteinuria and is the recommended method for people with diabetes [5, 6] . In pa- tients with established CKD and those without diabetes, measurement of PCR is an acceptable alternative [5, 6] . Both ACR and PCR predict subsequent progression of renal disease [5, 6, 18] . PCR may also be more sensitive than ACR at detecting clinically significant proteinuria [19] . Partly because we were dealing with patients with established proteinuria and partly because of the lower cost of the assay, we chose to use the PCR rather than ACR in this study.
Our main finding is that first-void EPO is slightly more accurate than estimates of proteinuria based on second void or PCR. The differences were marginal and statistically insignificant, implying that a first-or second-void PCR will suffice in most instances when quantifying proteinuria. A strength of our study is that we ascertained the completeness of our gold standard 24-hour urine collections by excluding those with measured/estimated Cr ratios that lay outwith the range 0.5-2.0. The main limitation was that all four estimates of protein output had wide confidence intervals, as in 3 previous studies evaluating the accuracy of PCR [20] [21] [22] . This issue has also been highlighted in a study showing that the use of PCR to estimate 24-hour protein excretion leads to significant numbers of false-positive and false-negative diagnoses of glomerulonephritis flares in patients with systemic lupus erythematosus [12] . The convenience of estimating protein output from a single specimen of urine is attractive but does not and cannot take into account diurnal fluctuations of protein and Cr excretion [20, 23, 24] .
The jury on the timing of a spot urine sample is still out [7, [25] [26] [27] [28] [29] . The NICE Guideline Development Group states that proteinuria is more likely to be detected in an early-morning sample because early-morning urine is more concentrated, while recognising that advice to test only early-morning urine would cause practical difficulties for service organisation and might inhibit opportunistic testing [6] . Neither NICE nor SIGN make recommendations on the timing of the urine sample for PCR (or ACR) [5, 6] . The KDOQI guideline recommends an early-morning sample but uses as its evidence base 7 studies, only one of which declared in favour of a first void [4] . It has been proposed that first-void samples are preferable because they show best correlation with 24-hour protein excretion and reduce inaccuracy due to orthostatic proteinuria [4] . Ruggenenti et al. [21] found that random urine samples were as good as early-morning urine samples at predicting the rate of loss of kidney function in nondiabetic CKD. Guy et al. [29] found that early-morning urine, second or third voids would be equally effective at predicting 24-hour urine protein loss.
Is EPO a better estimate of 24-hour urine protein than PCR? EPO is given by the formula EPO = PCR ! estimated Cr excretion (ECE), where ECE = 140 -age ! lean weight (kg) ! 0.2 ( ! 0.85 if female). This is a modification of the Cockcroft-Gault equation that has been previously validated [30] . PCR can be used to approximate 24-hour urine protein if one assumes an individual's ECE is 10 mmol/day, as suggested by UK guidelines [3] . This is a reasonable assumption for a middle-aged adult weighing around 70 kg, in whom a PCR of 100 mg/ mmol will approximate to a 24-hour urine protein of 1 g, but is less likely to hold at extremes of age or body weight. Ginsberg et al. [7] have shown that EPO correlated closely (r = 0.93) with 24-hour urine protein, although no attempt was made to compare the results of PCR with EPO in that analysis. Our study shows that first-void EPO is slightly more accurate than estimates of proteinuria based on second void or PCR, but that the differences are small and statistically insignificant. The attraction of PCR is its simplicity and the fact that it does not require age and gender to be entered into an equation or lean body weight to be calculated.
The aims of our study were to determine the relative benefits of four different estimates of urine protein excretion. In the event we showed that the limits of agreement for each of the four spot tests and 24-hour urine protein were considerably greater than the differences between the four tests themselves. The main drawback of spot urine tests therefore is that none predicts 24-hour urine protein as accurately as it was hoped they would do. This caveat notwithstanding, the knowledge that spot urine samples with all their imperfections still predict subsequent progression of renal disease allows us to conclude that the conve-
